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Description 

[0001] The present invention relates to a rubber composition for a tire tread, and more particularly to a rubber com- 
position providing a tire which exhibits improved abrasion resistance while the excellent performance on wet roads 
5 and the low fuel consumption exhibited by a tire using a conventional rubber composition containing aluminum hydrox- 
ide are maintained. 

2. Description of the Related Arts 

10 [0002] Carbon black is generally used as the reinforcing filler for rubber compositions because carbon black can 
provide higher reinforcing ability and more excellent abrasion resistance than other fillers to rubber compositions. 
[0003] Energy saving is a recent social requirement and smaller heat buildup in a rubber composition for a tire, which 
means smaller rolling resistance of a tire, is required to achieve reduction of fuel consumption of automobiles. For this 
purpose, the amount of carbon black used In the rubber compositions may be decreased or carbon black having greater 

15 particle diameters may be used, l-lowever. it is known that the reinforcing property, abrasion resistance and the gripping 
property on wet roads are inevitably deteriorated in both cases. 

[0004] As the filler which can satisfy the requirement for the low heat buildup while the reinforcing property, abrasion 
resistance and the gripping property on wet roads are maintained, precipitated silica is known, and many patent ap- 
plications have been made on them. Examples of such applications include Japanese Patent Application Laid-Open 
20 Nos. Heisei 3(1991)-252431. Heisei 6(1994)-248116, Heisei 7(1995)-70369. Heisei 7(1 995)-1 88466. Helsei 7(1995)- 
196850, Heisei 8(1996)-225684. Heisei 8(1996)-245838 and Heisei 8(1996)-337687. 

[0005] However, precipitated silica has a drawback in that a rubber composition containing precipitated silica has a 
smaller storage modulus than a rubber composition containing carbon black having approximately the same specific 
surface area, and provides a tire showing inferior driving performance on dry roads. 

25 [0006] It is known that the gripping property on wet roads can be improved by raising the glass transition temperature 
(Tg) of rubber, i.e., by increasing tan 5 at CC. However, raising Tg of rubber causes problems in that properties at low 
temperatures become inferior, and in that rolling resistance increases, i.e., the low fuel consumption deteriorates. 
[0007] Various technologies have been disclosed to overcome the above problems. Examples of such technologies 
include: (1) a rubber composition for a tire tread which provides an improved gripping property on wet roads by the 

30 use of a specific silica and of an Improved mixing method (European Patent No. 501227); (2) a rubber composition for 
a tire tread which provides improved wet skid resistance while maintaining low heat buildup property without adverse 
effect on workability and abrasion resistance (Japanese Patent Application Laid-Open No. Heisei 7(1995)-149950); 
(3) a rubber composition for a tire tread which provides an improved gripping property on wet roads and semi-wet 
roads in low and high temperature ranges and improved workability (Japanese Patent Application Laid-Open No. Heisei 

35 8(1996)-59893); and (4) a rubber composition for a tire tread which provides an improved gripping property on wet 
roads and semi-wet roads in low and high temperature ranges without adverse effect on abrasion resistance (Japanese 
Patent Application Laid-Open No. Heisei 8(1996)-59894). 

[0008] However, the above technologies have drawbacks. In the technology described in (1 ), the rubber composition 
shows inferior wori^ability (processability). In the technology described in (2). the rubber composition does not provide 
40 sufficient abrasion resistance. In the technologies described in (3) and (4), the reinforcing filler must be used in an 
excessively great amount. 

[0009] On the other hand, it is known that aluminum hydroxide can be used as a reinforcing filler for rubber. A tire 
in which a rubber composition containing aluminum hydroxide is used for its tire tread shows excellent performance, 
such as the gripping property on wet roads, and provides the low fuel consumption. However, this tire has a drawback 
45 in that abrasion resistance is inferior. 

[0010] EP-A-0697432 discloses a rubber composition for tire treads containing a rubber component and a powdery 
inorganic compound, which may comprise aluminium hydroxide. EP-A-0807603 discloses aluminium hydroxide and 
methods for producing it. It is disclosed that the aluminium hydroxide may be used in a rubber composition for example 
as a filler. 

50 

SUMMARY OF THE INVENTION 

[001 1] An object of the present invention is to provide a rubber composition for a tire tread which, when the rubber 
composition is used for a tire tread for automobiles, provides improved abrasion resistance while the excellent per- 
55 formance on wet roads and the low fuel consumption exhibited by a tire using a conventional rubber composition 
containing aluminum hydroxide are maintained. 

[0012] As the result of intensive studies by the present inventors to develop a rubber composition having the above 
advantageous properties, it was found that the above object can be achieved by mixing a specific amount of specific 
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aluminum hydroxide particles with a rubber component selected from the group consisting of natural rubber and syn- 
thetic diene-based rubbers and using a specific amount of carbon black and/or silica powder in combination. The 
present invention has been completed on the basis of this knowledge. 

[0013] The present invention provides a rubber composition for a tire tread which comprises (A) a rubber component 
5 selected from the group consisting of natural rubber and synthetic diene-based rubbers, (B) 5 to 50 parts by weight 
per 100 parts by weight of the rubber component of (b2) aturninium hydroxide particles which have an average diameter 
of secondary particles D2 of CSjim or smaller and a ratio (D2/D1) of the average diameter of secondary particles D2 to 
an average diameter of primary particles of 1.5 or smaller and (C) 5 to 80 parts by weight per 100 parts by weight 
of the rubber component of at least one filler selected from carbon black and silica. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] In the rubber composition of the present invention, natural rubber and/or synthetic diene-based rubbers are 
used as component (A). Examples of the synthetic diene-based rubber include synthetic polyisoprene rubber (IR), 
15 polybutadiene rubber (BR), styrene-butadiene rubber (SBR), acrylonitrile-butadiene rubber (NBR), chloroprene rubber 
(CR) and butyl rubber (IIR). 

[001 5] A single type or a combination of two or more types of natural rubber and/or synthetic diene-based rubbers 

may be used as component (A). 

[0016] As the aluminum hydroxide particles (aluminum hydroxide powdery of component {b2) in the rubber compo- 
20 sition of the present invention, it is necessary that aluminum hydroxide particles which have an average diameter of 
secondary particles D2 of 0.8 ^im or smaller and a ratio (D2/D1) of the average diameter of secondary particles D2 to 
an average diameter of primary particles of 1.5 or smaller be used. 

[001 7] The average diameter of secondary particles D2 is an average diameter obtained by the measurement using 
a laser diffraction type analyzer of distribution of particle diameters after dispersion of the particles by ultrasonic vibra- 
25 tion. The average diameter of primary particles is an average diameter obtained from the BET specific surface area 
in accordance with the following equation: 

[001 8] Di = 6 / {(BET specific surface area) x (true specific gravity)} wherein the BET specific surface area is a value 
obtained in accordance with the one-point method of nitrogen adsorption of Japanese Industrial Standard R1626 after 
drying the sample at 110°C for 30 minutes. 

30 [0019] When the aluminum hydroxide particles have an average diameter of secondary particles D2 exceeding 0.8 
\m or an excessively large average diameter of primary particles D^. the reinforcing effect is not sufficiently exhibited, 
which causes inferior abrasion resistance and, moreover, the gripping property on wet roads (the performance on wet 
roads) becomes inferior. When the particles are excessively small, aggregation of the particles becomes stronger and 
the ratio (D2/D1) of the average diameter of secondary particles D2 to the average diameter of primary particles 0^ 

35 may exceed 2, then the particles cannot be dispersed sufficiently into rubber and a rubber composition having the 
desired properties cannot be obtained. From the standpoint of the balance among abrasion resistance, the performance 
on wet roads and the low fuel consumption, it is required that the aluminum hydroxide particles have an average 
diameter of secondary particles D2 of 0.8 ^m or smaller and more preferably 0.5 ^im or smaller, an average diameter 
of primary particles of 0.35 jim or smaller and more preferably 0.30 ^im or smaller, and a ratio D2/D-, of 1.5 or smaller. 

40 [0020] In the present invention, a single type or a combination of two or more types of the aluminum hydroxide 
particles may be used as component (B). The content of component (B) is in the range of 5 to 50 parts by weight per 
1 00 parts by weight of component (A). When the content is less than 5 parts by weight, sufficient gripping on wet roads 
cannot be obtained and the object of the present invention cannot be achieved. When the content exceeds 50 parts 
by weight, abrasion resistance deteriorates and there is the possibility that other physical properties required for a 

45 rubber composition are adversely affected. When abrasion resistance and the low fuel consumption are considered, 
the content of component (B) is preferably in the range of 10 to 30 parts by weight. 

[0021] In the rubber composition of the present invention, at least one filler selected from carbon black and silica is 
used as component (C). Examples of the carbon black include channel black, furnace black, acetylene black and 
thermal black which are produced in accordance with different processes. Any of these types of carbon black may be 
50 used. Carbon black having a surface area by nitrogen adsorption (BET) of 90 m^/g or greater and a dibutyl phthalate 
absorption (DBP) of 100 ml/100 g or greater is preferably used. 

[0022] When BET is smaller than 90 m2/g, it is difficult that sufficient abrasion resistance is obtained. An excessively 
great BET causes deterioration in the low fuel consumption. When abrasion resistance and the low fuel consumption 
are considered, the more preferable range of BET is 90 to 300 m^/g. BET of carbon black is measured in accordance 
55 with the method of ASTM 03037-88. When DBP is smaller than 100 ml/100 g, it is difficult that sufficient abrasion 
resistance is obtained. An excessively great DBP causes deterioration in the low fuel consumption. When abrasion 
resistance and the low fuel consumption are considered, the more preferable range of DBP is 50 to 200 ml/1 00 g. DBP 
is measured in accordance with the method of Japanese Industrial Standard K6221-1982 (method A). 
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[0023] The type of silica used is not particularly limited. Silica can be suitably selected from those conventionally 
used for reinforcement of rubber composition, such as dry silica and precipitated silica. When abrasion resistance and 
the low fuel consumption are considered, silica having a specific surface area by nitrogen adsorption (BET) in the range 
of 70 to 300 m2/g is preferable. BET of the silica is measured In accordance with the method of ASTM D4820-93 after 

5 drying the sample at 300°C for 1 hour. 

[0024] In the rubber composition of the present invention, when silica is used as component (C). the composition 
may further comprise a surface treating agent as component (D) to enhance the effect of component (C), where desired. 
The surface treating agent is not particularly limited. A surface treating agent can be suitably selected from various 
conventionally used surface treating agents. Among such surface treating agents, siiane coupling agents are prefer- 

10 able. 

[0025] Examples of the siiane coupling agent include compounds represented by the general formula Rg (RO) 3.3 
Si-Ai-Sm-A2-Si(OR)3.aRa or, X-S^-Ai-SiRa(0R)3.a. wherein R represents a group which can be hydrolyzed, such as 
methyl group and ethyl group, X represents a functional group reactive with organic substances such as mercaptoalkyi 
groups, aminoalkyi groups, vinyl group, epoxy group, glycidoxyalkyi groups, benzothiazolyl group and N.N-dimethyl- 

15 carbamoyl group, A^ and A^ each represents an alkylene group having 1 to 9 carbon atoms, m represents a positive 
number satisfying the relation: 0<m <9, and a represents a real number of 0 to 2. Specific examples of the siiane 
coupling agent include sulfide siiane compounds, such as bis{3-triethoxysilylpropyl) polysulfide, bis (3-trimethoxysilyl- 
propyl) polysulfide, bis (3-methyldimethoxysilylpropyl) polysulfide, bis(3-triethoxy-silylethyl) polysulfide, 3-trimethoxys- 
ilylpropyl-N.N- dimethylcarbamoyi polysulfide, 3-trimethoxysitylpropylbenzothiazolyl polysulfide and 3-trimethoxysilyl- 

20 propylmethacryloyi monosulfide; mercaptosilane compounds such as 3 -mercaptopropyltrimethoxysilane, 3-mercap- 
topropyltriethoxysilane and 3-mercaptopropylmethyldimethoxysilane; vinylsilane compounds, such as vinyltriethoxysi- 
lane and vinyltrimethoxysilane; amino compounds, such as 3-aminopropyltriethoxysilane and 3-aminopropyltrimeth- 
oxysilane; and glycidoxysilane compounds, such as Y-glycidoxypropyltrimethoxysilane and y-glycidoxypropylmethyldi- 
ethoxysilane. Among these compounds, vinylsilane compounds are preferable. 

25 [0026] In the present invention, a single type or a combination of two or more types of the surface treating agent 
may be used where desired. In general, the content is selected in the range of 1 to 20% by weight of the amount of 
the silica in component (C). When the content is less than 1% by weight, there is the possibility that the effect of the 
surface treating agent is not sufficiently exhibited. When the content exceeds 20% by weight, the effect of the surface 
treating agent may not be exhibited to the extent expected from the used amount and, moreover, the amount may be 

30 economically disadvantageous. When the effect of the surface treating agent and economy are considered, the content 
of the surface treating agent is preferably in the range of 2 to 15% by weight of the amount of silica. 
[0027] The rubber composition of the present invention may further comprise, where desired, various additives gen- 
erally used in the rubber Industry, such as vulcanizing agents, vulcanization accelerators, antioxidants, scorch retard- 
ers. softeners, other fillers, zinc oxide and stearic acid so long as the object of the present invention is not adversely 

35 affected. 

[0028] The rubber composition of the present invention obtained as described above can be used for a tire tread. 
When the mbber composition is used for a tire tread, a tire having an excellent balance among the performance on 
wet roads, the low fuel consumption and abrasion resistance is provided. 

[0029] To summarize the advantage of the present invention, the rubber composition of the present invention is used 
40 for a tire tread and provides a tire which exhibits improved abrasion resistance while the excellent performance on wet 
roads and the low fuel consumption exhibited by a tire using a conventional rubber composition containing aluminum 
hydroxide are maintained. 

EXAMPLES 

45 

[0030] The present invention will be described more specifically with reference to examples in the following. However, 
the present invention is not limited to the examples. 

[0031] The properties of a vulcanized rubber were measured in accordance with the following methods. 

50 (1 ) Wet skid resistance (gripping property on wet roads) 

[0032] The value of tan 5 measured using SPECTROMETER manufactured by TOYO SEIKl SEISAKUSHO, Ltd. 
under the condition of a dynamic strain amplitude of 0.1%, a frequency of 52 Hz and a temperature of 0°C was used 
for evaluation of the wet skid resistance and expressed as an index based on the value obtained in Comparative 
55 Example 1 which was set at 1 00. The greater the value, the better the wet skid resistance. 
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(2) Rolling resistance 

[0033] The reciprocal of the value of tan 5 measured in accordance with the same method as that described above 
except that the temperature was changed to 60°C was used for evaluation of the rolling resistance and expressed as 
5 an index based on the value obtained in Comparative Example 1 which was set at 100. The greater the value, the 
better the rolling resistance. 

(3) Abrasion resistance 

10 [0034] The test of abrasion resistance was conducted using a Lambourn abrasion tester in the condition of a slipping 
ratio of 25%. The reciprocal of the amount of abraded rubber was used for evaluation of the abrasion resistance and 
expressed as an index based on the value obtained in Comparative Example 1 which was set at 1 00. The greater the 
value, the better the abrasion resistance. 

^5 Example 1 

[0035] To 1 00 parts by weight of a rubber component composed of 20 parts by weight of natural rubber and 80 parts 
by weight of SBR 1500 (manufactured by JSR Corporation; styrene-butadiene rubber), 60 parts by weight of carbon 
black (a product corresponding to N339; manufactured by TOKAI CARBON Co., Ltd.; trade name: SIEST KH; BET: 

20 93 m2/g; DBP: 119 ml/100 g), 6 parts by weight of fine aluminum hydroxide particles (average diameter of secondary 
particles 0.37 ^im; average diameter of primary particles D^ : 0.30 nm; D2/D1: 1.23), 16 parts by weight of an aromatic 
oil, 2 parts by weight of stearic acid, 3 parts by weight of zinc oxide, 1 part by weight of sulfur, 1 .2 parts by weight of 
a vulcanization accelerator (DPG; diphenylguanidine) and 1.0 part by weight of an antioxidant (6C; N-(1,3-dimethyl- 
butyl)-N -phenyl-p-phenylenedlamine) were mixed. The average diameter of secondary particles D2 described above 

25 was obtained as follows: a sample was placed in an aqueous solution of sodium hexametaphosphate having a con- 
centration of 0.3 g/liter and dispersed by a treatment using an ultrasonic disperser for 15 minutes to decompose ag- 
gregates; and the average diameter of secondary particles D2 was then measured by a laser diffraction type analyzer 
of distribution of particle diameters (MICROTRACK; manufactured by LEEDS & NORTHRUP Company). The average 
diameter of primary particles described above was obtained as follows: the BET specific surface area of a sample 

30 was measured in accordance with the one-point method of nitrogen adsorption of Japanese Industrial Standard R1626 
using an apparatus for measuring the relative surface area (QUANTASORB; manufacture by QUANTACHROME Com- 
pany) after drying the sample at 1 1 0°C for 30 minutes; and the average diameter of primary particles was then obtained 
from the BET specific surface area in accordance with the following equation: 

35 

= 6 / {(BET specific surface area) x (true specific gravity)} 

The obtained composition was vulcanized in the condition of 150°C and 30 minutes. The physical properties of, the 
obtained vulcantzate were measured. The results are shown in Table 1 . 

40 

Example 2 

[0036] A vulcanized rubber was prepared in accordance with the same procedures as those conducted in Example 
1 except that 30 parts by weight of carbon black (a product con-esponding to N339) and 30 parts by weight of silica 
45 powder (manufactured by NIPPON SILICA KOGYO Co.. Ltd.; NIPSIL AO; BET 195 m2/g) were used in place of 60 
parts by weight of carbon black (a product corresponding to N339) and 45 parts by weight of a silane coupling agent 
(bis(3-triethoxysilytpropyl) tetrasulfide; manufactured by DEGUSSA AG; Si69) was additionally used. The physical 
properties of the prepared vulcanizate were measured. The results are shown in Table 2. 

50 Comparative Example 1 

[0037] A vulcanized rubber was prepared in accordance with the same procedures as those conducted in Example 
1 except aluminum hydroxide powder (manufactured by SHOWA DENKO K. K.; trade name: HISILITE H-43M; average 
diameter of secondary particles D2: 0.60 jim; average diameter of primary particles D^: 0.35 ^im; D2/DI: 1.71) was 
55 used in place of the fine aluminum hydroxide particles. The physical properties of the prepared vulcanizate were meas- 
ured. The results are shown in Table 1 . 
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Table 1 
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1 


2 




Comparative Example 






1 


Reinforcing material aluminum hydroxide particles type 


fine particles 


fine particles 


HISILITE H-43M 


amount (part by weight) 


15 


15 


15 


carbon black (part by weight) 


60 


60 


60 


silica (part by weight) 




30 




Properties of vulcanized rubber wet skid resistance 


106 


102 


100 


rolling resistance 


102 


114 


100 


abrasion resistance 


113 


110 


100 


Note: The amount is expressed by the part by weight based on 100 parts by weight of the rubber component. 
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A rubber composition which comprises (A) a rubber component selected from the group consisting of natural rubber 
and synthetic diene-based rubbers, (B) 5 to 50 parts by weight per 100 parts by weight of the rubber component 
of (b2) aluminium hydroxide particles which have an average diameter of secondary particles D2 of 0.8 ^m or 
smaller and a ratio (D2/D1) of the average diameter of secondary particles D2 to an average diameter of primary 
particles of 1 .5 or smaller and (C) 5 to 80 parts by weight per 100 parts by weight of the rubber component of 
at least one filler selected from carbon black and silica. 

A composition according to Claim 1 , wherein the aluminium hydroxide particles of component (b2) have an average 
diameter of primary particles of 0.35 pm or smaller. 

A composition according to Claim 1 , which comprises at least silica powder as component (C) and further com prises 
(D) a surface treating agent. 



4. A composition according to Claim 3. wherein the surface treating agent is a silane coupling agent. 



35 



A composition according to Claim 1 , wherein the carbon black of component (C) has a specific surface area by 
nitrogen adsorption (BET) of 90 m^/g or greater and a dibutyl phthalate absorption (DBF) of 1 00 ml/1 00 g or greater. 



40 



A composition according to Claim 1 , comprising aluminium hydroxide particles (b2) having an average diameter 
of secondary particles D2 of 0.5 jim or smaller and a ratio (D2/D1) of the average diameter of secondary particles 
□2 to an average diameter of primary particles of 1 .5 or smaller. 
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Gummizusammensetzung, aufweisend (A) eine Gummikomponente, die aus der Gruppe ausgewahit ist, die aus 
Naturkautschuk und synthetischen Gummis auf Dien-Basis besteht, (B) 5 bis 50 Gewichtsteile, pro 100 Gewichts- 
teile der Gummikomponente, (b2) Alumlniumhydroxidpartikel, die einen mittleren Durchmesser der sekundaren 
Partikel D2 von 0,8 |im oder weniger und ein Verhaltnis (D2/D1) des mittleren Durchmessers der sekundaren Par- 
tikel D2 zu dem mittleren Durchmesser der primaren Partikel von 1,5 Oder weniger haben. und (C) 5 bis 80 
Gewichtsteile, pro 100 Gewichtsteile der Gummikomponente. von mindestens einem Fullstoff. der aus RuB und 
Silika ausgewahit ist. 



55 



Zusammensetzung gemafi Anspruch 1 , wobei die Alumlniumhydroxidpartikel der Komponente (b2) einen mittleren 
Durchmesser der primaren Partikel D^ von 0,35 ^im oder weniger haben. 

Zusammensetzung gemaH Anspruch 1, die mindestens Silikapulver als Komponente (C) aufweist, und weiterhin 
(D) ein Oberflachenbehandlungsmittel aufweist. 



4. Zusammensetzung gemaft Anspruch 3, wobei das Oberflachenbehandlungsmittel ein Silan-Haftvermittler ist. 
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5. Zusammensetzung gemal^ Anspruch 1 , wobei der Rufl der Komponente (C) eine spezifische Oberflache durch 
Stickstoffadsorption (BET) von 90 m^/g oder mehr, und eine Dibutylphthalatabsorption (DBP) von 100 ml/100 g 
Oder mehr hat. 

5 6. Zusammensetzung gemali Anspruch 1 , aufweisend Aluminiumhydroxidpartikel (b2). die einen mittleren Durch- 
messer der sekundaren Partikel D2 von 0,5 \im oder weniger haben. und ein Verhaltnis (D2/D^) des mittleren 
Durchmessers der sekundaren Partikel D2 zu dem mittleren Durchmesser der primaren Partikel von 1 ,5 oder 
weniger haben. 

10 

Revendlcations 

1. Une composition de caoutchouc qui comprend (A) un composant de caoutchouc selectionne parmi le groupe 
consistant en le caoutchouc naturel et les caoutchoucs synthetiques a base dienique, (B) 5 ^ 50 parties en poids 

15 pour 1 00 parties en poids du composant de caoutchouc de (b2) particules d'hydroxyde d'aluminium qui possedent 

un diamfetre moyen de particules secondaires D2 de 0»8 fim ou inf6rieur et un rapport (D2/D1) du diamfetre moyen 
de particules secondaires D2 au diametre moyen de particules primaires de 1 ,5 ou inferieuret (C) 5 ^ 80 parties 
en poids pour 100 parties en poids du composant de caoutchouc d'au moins une charge selectionnee parmi le 
noir de carbone et la silice. 

20 

2. Una composition selon la revendication 1, dans laquelle les particules d'hydroxyde d'aluminium du composant 
(b2) possedent un diametre moyen de particules primaires de 0,35 ^m ou inferieur. 

3. Une composition selon la revendication 1 , qui comprend au moins de la poudre de silice comme composant (C) 
25 et comprend en outre (D) un agent de traitement de surtace. 

4. Une composition selon la revendication 3. dans lequel Tagent de traitement de surface est un agent de couplage 
du type silane. 

30 5. Une composition selon la revendication 1 , dans laquelle le noir de carbone du composant (C) possede une su- 
perficie specifique k I'adsorption d'azote (BET) de 90 m^/g ou superieure et une absorption de dibutyle phtalate 
(DBP) de 100 ml/IOOg ou superieure. 

6. Une composition selon la revendication 1 , comprenant des particules d'hydroxyde d'aluminium (b2) poss6dant un 
35 diamdtre moyen de particules secondaires D2 de 0,5 ^m ou inferieur et un rapport (02/0^) du diamdtre moyen de 

particules secondaires D2 au diametre moyen de particules primaires de 1.5 ou inferieur. 
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